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Expression of keratins 1, 6, 15, 16, and 20 was
examined in normal cervical epitbelia, squa-
mous metaplasia, various grades of cervical
intraepitbelial neoplasia, and botb squamous
cell carcinomas and adenocarcinomas aof the cer-
vix with monospecific antibodies. Ectocervical
epithelium contatus all of these keratins except
keratin 20. They sbow a betevogencous distribu-

tion, with a basally restricted detection of keratin

15. Endocervical columnar cells were found to
contain significant amounts of keratin 16,
whereas the subcolummar reserve cells ex-
pressed considerable amounts of keratin 15 and
16, and frequently keratin 6. These reserve cell
keratins were also found in immature and
mature squamous metaplastic epitbhelium. In the
cervical intraepitbelial neoplastic lesions they
were generally found with increasing intensity as
the severity of the lesion progressed. In the kera-
tinizing variety of squamous cell carcinoma of
the cervix, these three keratins seem to consti-
tute an important part of the intermediate fila-
ment cytoskeleton, whereas in nonkeratinizing
squamous cell carcinoma, they occur 10 a much
lesser extent. Surprisingly, these keratins were
also occasionally found in adenocarcinomas.
From these data we conclude that the keratin

pbenotype of reserve cells and endocervical '

columnar cells is more complex than previously

o

suggested. In particular, the keratins occurring
in reserve cells are also present in most of the
premalignant and in a considerable number of
the malignant lesions of the cervix. The differen-
tiation features of the various carcinoma types

- are, bowever, reflected in their specific keratin

JSilament composition. (Am J Patbol 1993,
142:4(03—412) :

Human keratins comprise a family of at least 20 sep-
arate intermediate filament proteins,*? numbered
from 1 to 20, which are distributed in a tissue-specific
fashion throughout epithelia. By using specific mon-
oclonat antibodies directed against individua! keratin
polypeptides, it is possible to study changes in the
type of epithelial differentiation in premalignant and
malignant cervical lesions. The keratin phenotypes
of the various normai epithelia lining the uterine cer-
vix as well as those of the aforementioned lesions are
known to a large extent.>-2 One of the objects of
these studies has been to associate the keratin
-expression patterns with the metaplastic or malig-
nant potential of cervical epithelia. Suggestions have
been made by which the progressive or regressive
nature of cervical intraepithelial neoplasia (CIN) may
be predicted on the basis of keratin expression
patterns. The expression patterns of the various cer-
vical epithelia as currently known are shown in Figure
1.

Recently, polycional and monoclonal antibodies
_against keratins 1, 6, 15, 16, and 20"%-'2 have
become available. Of these, the antibodies to ker-
atins 1, 6, and 16 have been tested in cervical car-
cinomas,® but, as yet, not in normal cervix or in meta-
plastic or CIN lesions. The observations in cervical
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carcinoma, the fact that keratin 15 is known to indi-
cate metaplasia in the lung, 01113 and the sugges-
tion that keratin 16 is a marker of hyperproliferation
justify a study of the expression of these keratins in

- cervical tissue. Furthermore, we think that an exten-

sion of our studies on keratin expression in the cervix
may enhance our understanding of the processes
governing epithelial metaplastic and malignant
transitions.
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. i Figure 1. Schematic representation of keratin
[ f expression patterns in normal, premalignant,
and malignant cervical tissues. The buman ker-
8 atins are indicated by their respective numbers
according to the Moll catalogiie.’? The asterisks
n)  Keratingng indicate the keratins examined in this study. The
& Squamous cen  frercentage of cases staining is indicated as
' Carcinoma Jollous. A completely filled bar indicates thar
betuven 75 and 100% of the cases stain. A bar
8 threefourth filled indicates that betuven 50 and
75% of cases stain. A bar one-balf filled denotes
- staining betueen 25 and 50% of cases. A bar
CE > b Nonkermniz uﬂ' one-quarter filled tndicates that less than 25% of
\ w: cases stain. An open bar indicates that no cases
stain. A black bar tndicates that all cells stain
8 8 Imtensely: borizontal lives tndicate that mast
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moderate. Hatched lines mean that dispersed
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Materials and Methods
Tissues

The tissue specimens used in this study were taken
from diathermy loop excision specimens or cervical
cone biopsies of 70 women with cytologically verified
dysplasia. Tive tissue specimens representing cervi-
cal carcinomas were taken from hysterectomy spec-
imens or biopsies of 31 women with cervical




carcinomas. The diathermy loop excision speci-
mens, cone biopsies, and hysterectomy specimens
were brought to the pathology department immedi-
ately after removal, where a small tissue fragment
was removed from each specimen and snap-frozen
in liquid nitrogen or liquid nitrogen-cooled
isopentane. The major part of the specimen was fur-
ther processed through paraffin after routine fixation
in 4% buffered formalin for light microscopic
analysis. A 'total of 98 specimens were used repre-
senting normal epithelia, metaplastic lesions, the
three grades of CIN, and cervical cancer. Often,
more than one type of epithelium was detected in the
same fragment. In this way, normal ectocervical epi-
thelium was diagnosed in 32 fragments, columnar
endocervica! epithelium in 54 fragments, reserve
cells in 25 fragments, immature squamous metapla-
sia in 14 fragments, mature squamous metaplasia in
19 fragments, CIN | in 6 fragments, CIN Il in 16
fragments, CIN Ill in 21 fragments, keratinizing squa-
mous cell carcinoma in 5 fragments, nonkeratinizing
squamous cell carcinoma in 13 fragments, adeno-
carcinoma in 10 fragments, and adenosquamous
‘carcinoma in 3 fragments. These diagnoses were
confirmed by comparison with companion formalin-
fixed, paraffin-embedded preparations. Further-
more, the subepithelial connective tissue was metic-
ulously examined for keratin expression in all
fragments.

Antibodies

The specificity of the five antibodies used in this
study is described as follows: 1) AF 87 is a polyclonal
rabbit antiserum raised against a synthetic carboxy-
terminal peptide of keratin 1. Inimmunoblotting stud-
ies, keratin 1 was specifically recognized. The anti-
body was a gift from Dr D. Roop (Nationa! Institutes
of Health, Bethesda, MD). 2) AF 124 is a polyclonal
rabbit antiserum raised against a synthetic carboxy-
terminal peptide of keratin 6. In immunoblotting stud-
ies, only keratin 6 is recognized (S. H. Yuspa, per-
sonal communication). The antibody was a gift from
Dr D. Rocp. 3) Gp 15.1 are guinea pig antibodies
from an animal immunized with an affinity-purified
fusion protein from Escherichia coli containing the
carboxy-terminus of human keratin 15. This antise-
rum reacts specifically with human keratin 15 in
immunohistochemistry and immunoblotting. 011 4)
LLO25, which recognizes keratin 16, was raised
against a synthetic peptide corresponding to the car-
boxy-terminus of human keratin 16'4 (courtesy of Dr.
E. B. Lane, Dundee, UK).5 K20 has been shown to
exclusively react with human keratin 20 in immuno-
blotting studies and was obtained from Sambio B. V.,
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Uden, The Netherlands. It stains, among others,
columnar cells lining the digestive tract.’ '2 As a pos-
itive control, we tested the reactivity of this antibody
on normal colon epithelium.

Immunohistochemistry

Cryostat sections were fixed at room temperature in

~ acetone for 10 minutes, air-dried, and incubated for

immunohistochemical detection of keratin as previ-
ously described.® Both positive and negative control
experiments were performed in parallel.

Results

Figure 1 shows a schematic representation of the
reactivities of the keratin antibodies used in this
study and those previously described in the various
cervical tissues. The keratin antibodies used for the
first time in this study did not react with cells in the
subepithelial connective tissue.

Ecto- and Endocervical Epithelium

The basal cell compartment of ectocervical nonkera-
tinizing squamous epithelium was always negative
for keratin 1, while in the parabasal cell compartment
dispersed cells stained weakly in only 4 cases. Also,
in the intermediate and superfical layers, a few dis-
persed cells reacted in a number of cases (Figure
2a). Keratin 6 was found extensively in the superfical
layers of all but 2 cases. Basal cells were found
positive in 7 cases, parabasal cells in 18 cases, and
intermediate cells in 20 cases, staining with weak to
moderate intensity (Figure 2b). Keratin 15 was
present in the basal cells of all cases (Figure 2c),
whereas in 28 cases, the parabasal compartment
was positive with varying intensity, also showing neg-
ative ‘areas. Dispersed decoration was found in the
intermediate cell compartment of 20 cases, although
the intensity of antibody staining and the number of
positive cells was considerably less. The superficial
compartment was usually completely negative, and
only 4 specimens showed a weak reaction. Keratin
16 was present in the basal ceil compartment of half
the cases studied (Figure 2d). The above lying layers
were usually negative, but in 5 specimens variable
and sometimes strong staining was found through
the full thickness of the epithelium. Sixteen cases
were completely negative. Keratin 20 was not
detected in ectocervical squamous epithelium.

The columnar cells (Figure 1b) lining the endocer-
vical canal did not contain keratin 1. Keratin 6 was
detected in less than 1% of cells in only 5 specimer's
(Figure 2e). Keratin 15 was not found in 40 cases,
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Figure 2. 4 peruxidase
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ining patterns of frozen sections from normal ectocervical (a 1o d) and endocervical (e 1o h) eplibeltum with resene

cells. stained with: (8) AF87 tkeratin 1); (b and ) AF124 (keratin G): (c andf) K15 theratin 15):(d and @) LLO25 (heratin 161 (h) K20 tkeratin 20).

Original magnification: a to d, X250: @ 1o h, X400.

whereas in 14 fragments up to 25% of the cells dis-
played weak to moderate positivity (Figure 2f). Ker-
atin 16 was detected in virtually all columnar cells
(Figure 2g) and keratin 20 was weakly detectable in
approximately 5% of cells in only 5 cases. In general,
however, columnar cells were not decorated.

Reserve cells (Figure 1b) did not contain keratin 1.
In dispersed cells of 5 cases, keratin 6 could be
detected (Figure 2e); in 8 cases all reserve cells
stained with the keratin 15 antibody. In the other
cases, approximately one-half of the reserve cells
weakly expressed keratin 15 (Figure 2f). Keratin 16
was found in all reserve cells showing moderate pos-
itivity (Figure 2g). Keratin 20 was not detected in
reserve cells (Figure 2h).

Immature Squamous Metaplastic
Epithelium

Keratin 1 was not detected in this type of epithelium
(Figure 3a), and the keratin 6 antibody showed weak
to moderate positivity in 10 cases with roughly 50%
positive cells, irregularly distributed through the epi-
thelium (Figure 3b). In 2 fragments, only a few cells
seemed to express keratin 6. Two cases were com-

Pl e

pletely negative. Keratin 15 was found in all cases
with the majority of cells positive. The -intensity of
immunostaining and the number of reactive cells was
usually highest in the basal cell layers. In the super-
ficial cell layers, there were both positive and nega-
tive cells (Figure 3c). Keratin 16 was weakly to mod-
erately expressed in all cells of 7 cases (Figure 3d),
and in 2 cases between 25 and 75% of the cells were
weakly positive. In one case, only a few cells stained,
and one case was completely negative. Keratin 20
was not found in immature squamous metaplasti

epithelium. -

Mature Squamous Metaplastic Epithelium

As expected, the keratin phenotype of this type of
epithelium was much the same as described for
ectocervical epithelium. This was definitely the case
for keratins 1, 6, 15, and 20. Keratin 16, however,
showed a less predictable staining pattern, as in 2
cases the full thickness of the epithelium displayed
an intense immunoreaction, 2 cases showed posi-
tively in the majority of cells through the full thickness
of the epithelium and 5 cases displayed a variable
staining pattern. The other 10 cases were completely
negative.




Figure 3. peroxidase
AF124 theratin G); (€) K15 tkeratin 15): (d) LLO25 thkeratin 16). Original magnification: a, b, d, X 300: ¢, X400,

CIN |

Keratin expression in CIN | was in general less con-
sistent than previously described for the non-neo-
plastic lesions. Keratin 1 antibody was usually not

found to react (Figure 4a). Keratin 6 was found in all .

cases. About half of the cells stained with varying
intensity and location (Figure 4b). Keratin 15 was
-found throughout in the full thickness of the epithe-
lium in 3 cases, with moderate intensity of staining. In
the other 3 cases, both negative and positive cells
were found (Figure 4c¢). The Keratin 16 antibody was
moderately positive in most cells of the basal cell
compartment in all cases (Figure 4d). In 3 cases the
superficial cell compartments were completely neg-
ative, while in the other 3 cases both negative and
posilive areas were observed throughout the full
thickness of the epithelium. Keratin 20 was not
detected in CIN | lesions.

CIN Il

As observed for CIN |, keratin 1 was usually not
found in CIN Il (Figure 4e). The Keratin 6 antibody
was found to stain mo3erately intensely in the basal
cell compartment of 14 cases (Figure 4f), with also
dispersed positivity of the above-lying cells. Two
cases were completely negative. Keratin 15 was
detected in all basal cells, where immunostaining
intensity was usually moderate (Figure 4g). In the
above-lying layers, dispersed decoration was seen
in about 50% of the cells in 11 specimens. In 5 frag-
ments the cells lying above the basal layer were all
negative. Keratin 16 was found diffusely in the basal
cell compartment of 12 cases, and in 3 cases about
half of the basal cells reacted weakly (Figure 4h),
with one case negalive. Keratin 20 was not found in
CIN Il lesions.

18 patterns of frozen sections from tmmature squamous metaplasia afler staining with: (8) ARY7 (keratin 1); (b}
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CIN Il

Keratin 1 was found in only 4 cases with dispersed
weak positivity in scattered cells lying above the
basal layer (Figure 4i). One case displayed weak
diffuse positivity through the full thickness of the
epithelium. Keratin 6 was found irregularly distrib-
uted through the full epithefial thickness in more than
haif of the cetis of 12 fragments. In 6 cases there was
diffuse positivity (Figure 4j), with 3 cases showing
scattered cells or no expression at all. Keratin 15was
detectable with moderate intensity through the full
thickness of the lesion in 10 cases (Figure 4k), and in
some cases diminished toward the epithelial
surface. The other 11 cases showed dispersed pos-
itivity, with both keratin 15 positive and negative
areas, whereas the staining intensity tended to be
strongest in the basal compartment. The keratin 16
antibody showed a diffuse reaction in 11 specimens,
staining the full thickness of the epithelium (Figure
41). Eight cases displayed varying decoration, which
was strongest in the basal compartment, but both

staining intensity and number of positive cells

decreased as the epithelial surface was
approached. Staining for keratin 20 was negative in
all specimens.

Keratinizing Squamous Cell Carcinoma

The expression of keratins 1, 6, and 16 in these
malignancies has been previously described® and is
presented in figure 1h. Keratin 15 was found to be
diffusely distributed in all cases of keratinizing squa-
mous cell carcinoma (Figure 5a). The intensity of
staining, however, varied from weak to strong. A
reaction for keratin 20 was not found in these cases.
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Figure 4. Immunoperaxidase staining patterns of frozen sections

R N

Jrom CIN I lestons (a to d), CIN I lesfons (e to h),

e

staining with: (a, e, i) AF87 (keratin 1); (b, ¥, ) AF124 tberatin 6); (c. 8. K} K15 (keratin 15); d, h, ) LLO25 (keratin 16). Original magnification:

a-h, H, %3001, x250.
Large Cell Nonkeratinizing Carcinoma

Again, the previously described steining pattern of
keratins 1, 6, and 16 are schematically represented
in Figure 1i. Contrary to previous observations® we
found keratin 1 to be expressed in scattered cells of
3 new fragments (Figure 5b). The intensity of the
immunostaining reaction was moderate to strong,
- and no particular localization was noted within the
tumor islands. Keratin 15 displayed an irratic staining
pattern. In 4 cases strong expression was found in all
cells (Figure 5c). Six cases were not stained at all,

Four cases displayed a highly variable staining pat-

tern, with negative to intensely positive areas, and
the number of cells staining per fragment ranging
from 5% to 60%. Keratin 20 was negative in all but
one case, in which approximately 40% of the cells
showed moderate staining in a scattered fashion
(Figure 5d).

Adenocarcinoma

The cervical adenacarcinomas were subdivided into
5 adenocarcinomas of the endocervical type, 3 mod-

and CIN [l lestons (| to ) after




PR S

Figure 5. 1 peroxid
cell carci,

i ining patterns of frozen sections froui (@) keratinizing squamons cell carci
, (@) adenocarcinoma of the endocenvical type, {f and §) adenocarcinoma of the endometrioid type (h), adenusquamous

e e To s
+a :

Bl

Kerating in Uterine Cervix 409
AJP February 1993, Val, 142, No. 2

(®. ¢, d) nonkeratinizing

carcinoma afler staining with: (a, ¢, e, 1, h)) K15 tkeratin 15); (b) AF87 tkeratin 1);(d, Q) K20 tkeratin 20). Original magnification: a=h, j4, X 300:

e, X400.

erately differentiated and 2 poorly differentiated, and
4 carcinomas of the endometrioid type, one grade |,
two grade |, and one grade Il (Figurés 1j and 5,
e-h).

Endocervical Adenocarcinoma

Keratin 15 was detected in 4 of § cases with a few
dispersed cells staining (Figure 5e). Keratin 20 was
not found in these carcinomas.

Endometrioid Ader.ccarcinoma

Keratin 15 was present in'3 of the 4 endometrioid
adenocarcinomas, and as described in the endocer-
vical carcinomas only a few cells stained, while the
intensity varied from weak to moderate (Figure 5f).

Keratin 20 was present in 1 poorly differentiated
endometrioid adenocarcinoma, with approximately
40% of cells staining with variable intensity (Figure

5Q).

Adenosquamous Carcinoma

Keratin 15 was found in all 3 cases of adenosqua-
mous carcinomas studied. In one case, all cells

stained with moderate intensity (Figure 5h) in the
other 2 cases a few cells expressed keratin 15. Ker-
atin 20 was not found in adenosquamous carcinoma.

Discussion

New Aspects of Keratin Expression in the
Cervix '

In this study we present a number of features of
keratin expression in the cervix which, to date, have
not yet been described. The exact distribution of
keratins 1, 6, 15, and 16 in the ectocervix is pre-
sented (for gel electrophoretic data see refs. 15 and
16). In endocervical columnar epithelium we
describe the presence of keratin 16 and sporadic
expression of keratins 6, 15, and 20. In regard to the .
keratin phenotype of endocervical reserve cells, we
have shown that these contain large amounts of ker-
atins 15 and 16 and also some weak expression of
keratin 6. This means that the keratin phenotype of
reserve cells is more complex than previously
thought and comprises the keratins 8, 14, 16, 17, 18,
and 19 in all reserve cells and frequently additional
expression of keratins 5, 6, and 15. In immatur: and
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mature squamous metaplasia,*© expression of ker-
atins 6, 15, and 16 is described. To our previous
observations on the keratin expression in CIN
lesions3 (Figure 1) we add the expression of ker-
atins 1, 6, 15, and 16, of which the expression of
keratins 6, 15, and 16 seems to increase as the
severily of dysplasia progresses (see, however, refs.
15 and 16).

In cervical carcinomas, we previously described®
the presence of keratins 6 and 16, to which we can
now add expression of keratin 15, which was always
found in keratinizing squamous cell carcinoma and
usually also in the nonkeratinizing variety. To the
known keratin expression pattern of adenocarcino-
mas and adenosquamous carcinoma we add keratin
15, which is found in varying numbers of cells in most
of these malignancies. In contrast to findings of Moll
et al,'2 we found considerable positivity of keratin 20

in one case of squamous cell carcinoma of the-

cervix.

' Reserve Cell Keratins Persist in Benign
and Premalignant Cervical Lesions

When comparing the keratin complement of reserve
celis with that of columnar cells (Figure 1), it is obvi-
ous that most keratins found in columnar cells are
also found in reserve cells, with the exception of
keratins 4 and 7. Also the levels of expression of
several of the columnar epithelial keratins is low in
feserve cells. On the basis of these findings, we

* hypothesize that expression of keratins 4 and 7 is -

initiated during the transformation of reserve cells
into columnar cells, while expression of keratins 5,6,
14, 15, and 16 is lost and expression of keratin 18
increases. Occasionally, small amounts of typical
reserve cell keratins persist in columnar cells (Figure
1b and ref. 17).

When reserve cells are programmed to proliferate
and differentiate into mature squamous metaplastic
epithelium through immature Squamous metaplasia,
keratins 8 and 18 characteristic for both reserve cells
and columnar cells are lost, while keratins 5, 6, 14,
15, 16, 17, and 19 become compartmentalized,
showing a restricted expression to one or two epi-
thelial layers of the metaplastic epithelium. Most
important, however, is the initiation of expression of
keratins 4 and 13, which are characteristic of non-
keratinizing squamous epithelia. These keratins
appear during immature squamous metaplasia and
become more abundant as the immature squamous
metaplastic epithelium differentiates. Finally, these
keratins are located above the basal cell layer in
Mature squamous metaplastic epithelium. Keratin 15
is characteristic of certain differentiation programs of

stratified epithelia. It is co-expressed with simple epi-
thelial keratins in basal cells of certain stratified epi-
thelia such as in esophagus.'* In accord with these
findings is our recent observation of the varying pres-
ence of keratin 15 in cervical reserve cells, possibly
indicating differences in the differentiation status of
individual reserve cells. In our mode! those reserve
cells expressing keratin 15 are predestined to
progress into metaplastic epithelium. This is further
supported by the observation that in reserve cell -
hyperpiasia a considerable number of these cells
contain keratin 15 and that consequently expression
of this keratin in intermediate phases of squamous
metaplasia and immature squamous metaplasia is
considerable. In the CIN lesions keratin 15 antibod-
ies exhibit considerable, although often erratic, stain-
ing patterns increasing with the progression of
lesion.

In the case of atypical proliferation of reserve cells

. resulting in the development of CIN lesions, the

expression of keratins 6 and 16 is of particular
interest. These two keratins have been described as
markers of hyperproliferation or keratinocyte differ-
entiation in studies on regenerating epithelium of the
cornea.® In keeping with this assumption, keratin 16
showed a restricted expression pattern in the cervix,
staining approximately half of the cells in the basal
cell compartment, of ectocervical epithelium, and
most of the reserve cells, in line with the proliferative
capacity of these cells. In our study, keratin 6 was
barely detectable in these cells, whereas it showed
an increasing expression, both in intensity and num-
ber of cells staining, as the superficial cell layer in the
ectocervix was approached. Apparently, keratin 6 in
ectocervix does not mark proliferation but seems to
indicate a higher degree of differentiation. Further-
more, in the endacervical epithelium, keratin 6 did
not follow keratin 16 in its expression pattern. Sur-
prisingly, all endocervical columnar cells stained
moderately with the keratin 16 antibody, thereby
being the first observation of keratin 16 expression in
normal columnar cells. Expression of keratins 6 and
16 increases irregularly during immature squamous

- metaplasia. In mature squamous metaplasia, keratin

6 expression seems to be restricted to the supra-
basal cell compartment, reflecting the end stage of

_ differentiation of this epithelium. Again, keratin 16

does not show the expected co-expression pattern
with keratin 6.

With increasing grades of severity of CIN lesions,
keratins 6, 15, and 16 show a progressive increase in
the number of cells staining and in the staining
intensity. This effect is most pronounced when CIN |
and CIN }i are compared with CIN Iil. The quantita-

tive difference, ie, stronger staining intensity of ker-




atin 6 and 16 antibodies in CIN 1ll, is the only feature
distinguishing CIN IIl lesions from immature squa-
mous metaplasia.

Reserve Cell Keratins in Cervical
Carcinoma

In keratinizing squamous cell carcinoma, keratin 15
expression persists. This is not surprising, as keratin
15 has been identified as a stratification-related ker-
atin protein. The fact that only half of the nonkerati-
nizing squamous cell carcinomas express keratin 15
may indicate that these carcinomas display differen-
tiation features not discernible on light microscopic
examination. In disagreement with the supposition
- that keratin 15 is a stratification marker is the fact that
it is expressed in the majority of adenocarcinomas,
albeit in a small number of cells. This, however, is
further proof for the supposition that the common
progenitor cell of adenocarcinomas of the cervix are
the endocervical reserve cells.

Consensus Keratin Phenotypes in the
Cervix

The information collected in our previous studies and )

extracted from the literature shows a complex keratin
expression pattern in the cervix and in cervical
lesions. For reasons of simplification, we previously
proposed a consensus keratin phenotype for carci-
nomas of the cervix.> Such a representation indi-
cates the presence of specific keratins within the
various tissues, without giving quantitative informa-
tion on the number of cells staining and the intensity
of staining (Figure 6). Columnar epithelium may be
distinguished from ectocervical epithelium on the
basis of the absence of keratins 5, 6, 13, and 14 in
the latter while simple keratins 7, 8, and 18 are
present in columnar cells and not . in ectocervical
epithelium.

CIN I and CIN |l can be distinguished from CIN il
by the absence of the reserve cell keratins 8, 18, and
17. Keratinizing squamous cell carcinoma may be
distinguished from nonkeratinizing carcinoma by the
frequent absence of keratin 7, whereas keratins 4,
10, 13, 15, and 16, which are always present in kera-
tinizing squamous cell carcinomas, are often absent
in the nonkeratinizing type.

The complexity of the consensus keratin pheno-
type for adenocarcinomas of the cervix, comprising
keratins 7, 8, 14, 15, 17, 18, and 19, frequently ker-
atins 4 and 6, and sometimes keratin 5, and the
similarity to the reserve cell keratin phenotype is
remarkable. In our view this indicates that the ade-
nocarcinoma keratin phenotype is more closely
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Figure 6. Schematic representation of keratin phenotypes
of the different cervical nun-nevplastic, premalignant epithelia and
carcinomas. These are repr d as 1he prokability of expression of a
single keratin in euch of the subgronps. A completely filled bux de

a probabllity of expression between 75 and 100%. A batched box
denotes a probability of expression between 50 and 75%. A dotted box
represents a probability of expression betueen 25 and 50%. An upen
bux denotes a probability of expression betuwven 0 and 25%. *, this
study: RC. reserve cells: CYL. columnar cells: ECTOC, ectocervical non-
ke izing sq epitheli ISM. i q melta-
Plastic epitheli MSM. q metaplastic epithelium;
CiN, cervical intraepithelial nevplasia: KSO, keratimizing squamons
cell carcinoma: NKSQ. nunkeratinizing sq cell carc ; AC
adenocarcinoma: ASQ. adenusq carc

related to that of squamous cell carcinoma of non-
keratinizing type than previously thought.

Can the Regressive or Progressive Nature
of a CIN Lesion be Predicted on the
Basis of Its Keratin Expression Pattern?

It is tempting to speculate that those CIN lesions
showing increased staining of the epithelium for ker-
atins 6, 15, and 16 may represent a sublfraction des-
tined to progress into cervical cancer. Based on the
findings described above, we propose the following
theory for the pathogenesis of cervical cancer.

Reserve cells, containing keratins 5, 8, 14, 15, 16,
17, 18, and 19 and sometimes keratin 6, proliferate
through the different grades of CIN, finally progress-
ing into carcinoma. Those CIN lesions that maintain
the keratin phenotype of the progenitor reserve cells
may be destined to eventually develop into malig-
nant lesions, whereas those losing reserve cell ker-
atins such as keratins 8 and 18 are thought to be
regressive in nature. )

This is indicated by the fact that only a small num-
ber of CIN | and CIN Il lesions retain the complete
reserve cell keratin expression pattern. The remain-
ing cases lose simple keratins, which means that the
lesions will remain static or possibly revert into
mature squamous metaplasia. In CIN I, the nur-.oer
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of lesions with the complete reserve cell keratin pro-
file increased up to 50%, which percentage equals
the anticipated chance of progression into cervical
carcinoma from CIN lil. When a CIN il lesion devel-
ops into a keratinizing carcinoma, it maintains the
aforementioned keratin expression pattern and also
initiates the synthesis of keratins 4, 13, and 10. In
nonkeratinizing squamous cell carcinoma, the
reserve cell keratins 15 and 16 are frequently lost
and keratin 7 expression is acquired. If CIN IIl devel-
ops into an adenocarcinoma, the keratins typical of
the squamous differentiation pathway are lost. Vari-
able expression of keratin 13 in an adenocarcinoma
could mean that this carcinoma represents an ade-
nosquamous variety.
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